It is shown that Pseudomonas fluorescens A T C C 13525 and Pseudomonas chlororaphis A T C C 9446 produce identical pyoverdins and ferribactins. As the structures o f these sidero phores are usually species or even strain specific this exception should be kept in mind in view of the reclassification of the genus Pseudomonas. From Pseudomonas chlororaphis an additional siderophore could be obtained which has the same peptide chain as the co-occur ring pyoverdins and ferribactin, but a chromophore which is typical for azotobactins from A zotobacter vinelandii.
Introduction
The fluorescent group of the genus Pseudom o nas produces peptide siderophores when grown in an iron-deficient medium. The most widely de scribed variety are pyoverdins which are charac terized by the chrom ophore (15')-5-amino-2,3-dihydro-8,9-dihydroxy-l//-pyrim ido-[l,2-a]quinoline-l-carboxylic acid (1, Fig. 1 ), whose carboxyl group is linked to a peptide residue which has been reported as species-(or even strain-) specific (Budzikiewicz, 1993) . One exception to this rule seems to be Pseudom onas fluorescens A TC C 13525 and Pseudom onas chlororaphis A T C C 9446 (Linget et al., 1992 ) (see below). Usually several pyoverdins co-occur which differ only in the na ture of the small dicarboxylic acid attached to the 0 1 amino group of 1 ( Fig. 1) (Budzikiewicz, 1993) . Careful workup of the culture medium frequently allows to isolate in addition dihydro derivatives where the 5,6-double bond of 1 is saturated. The peptide chain is the same as in the corresponding pyoverdins. In some cases in addition a ferribactin was present which again possesses the same peptide chain but contains the chrom ophore 2 o 2 Fig. 2 . Structure of the ferribactin chromophore. 0 9 39-5075/95/0500-0337 $ 06.00 © 1995 Verlag der Z eitschrift für N aturforschung. A ll rights reserved. (Fig. 2) . Dihydropyoverdins and ferribactins are considered to be precursors of the pyoverdins (Budzikiewicz, 1994) . From the cultures of Pseu dom onas chlororaphis A T C C 9446 we obtained now a further variety of siderophore which also possesses the same peptide chain now linked to the chromophore 3 (Fig. 3) typical for the azotobactins produced by A zotobacter vinelandii (Fukasawa et al., 1972; Demange et al., 1988; Page et al., 1991; M enhart et al., 1991; . In the following we will report our investigations regarding Pseudom onas fluorescens A T C C 13525 and Pseudom onas chlororaphis A T C C 9446.
M aterial and M ethods
Cultures: The bacteria were grown in 200 ml cul tures in 500 ml Erlenm eyer flasks with passive aeration by shaking for 72 hrs. The culture broth contained 13 g Na-gluconate, 4 g KH2P 0 4, 3 g (N H 4)2S 0 4 and 0.5 M gS 04-7 H 20 per liter. Isola tion and purification were carried out as described earlier (Taraz et al., 1991; Mohn et al., 1990; Briskot et al., 1986; Poppe et al., 1987) . Decom plexation was achieved with 8-hydroxyquinoline (Briskot et al., 1986) .
C hrom ophore p ep tid es: 40 mg of the respective pyoverdin were hydrolized with 3 ml 9 n HC1 for 10 min at 110 °C. A fter evaporation to dryness the residue was dissolved in H 20 and chrom ato graphed on Bio-Gel P-2 (column 2 cm x 40 cm) with 0.1 n acetic acid. The fractions still containing the chromophore (absorption at 254 nm) were evaporated to dryness and hydrolyzed with 6 n HC1 at 110 °C for 21 hrs.
For the amino acid analysis see (Briskot et al., 1986) and for the determ ination of absolute con figurations see (M ohn et al., 1990) . Gas chromatography: A gas-chrom atograph CA R LO ERBA H R G C 4160 with a FID detector was used. The data were recorded on a Shimadzu Chrom atopac C-R 3 A integrator. Quantitative analysis was perform ed on a Perm abond SE-54-DF-0.25 column (Macherey-Nagel, D üren) and the determ ination of the absolute configurations on a Chirasil-L-Val column ID 0.25 (Chrom pack).
UV/VIS-spectra: Perkin-Elm er Hitachi 200. Mass spectrometry: FAB-MS: Finnigan MAT HSQ 30 equipped with a FAB-gun (IonTech Ltd., Teddington, GB), the FAB-gas was Xenon, the m atrix substance thioglycerol.
GC-MS: KRATOS MS 25 RF with a CARLO ER B A HR G C MFC 500 and a Perm abond SE-54-DF-0.25 column (Macherey-Nagel, D üren).
Chemicals: Pyridin was treated with chlorosulfonic acid (5 ml/1), distilled and redistilled over KOH. H 20 was deionized and distilled twice.
NMR-spectra: The NM R-experim ents were per formed with a BRU K ER AMX 500 using B RU K ER UXNM R software. The siderophores were disolved in 100 m M KH2P 0 4-buffer at pH 4.3 (90% H 20 , 10% D 20 ) . The acetate of the sidero phores was replaced by a Cl~-ion using ion ex change chromatography on D EA E-Sephadex in its chloride form. All spectra were recorded at 5 °C and 25 °C. The H 20-resonance was sup pressed by presaturation during the relaxation de lay. 512 experiments with 2048 data points each were acquired for each 2D-spectrum. Z ero filling in both dimensions was applied to obtain matrices of 2048x1024 data points.
The MLEV17 H O H A H A (Bax and Davis, 1985) spectra were obtained in the phase sensitive mode using the time proportional phase increm en tation scheme. The spectral width was 5263 Hz (10.5 ppm) in both dimensions. A fter 4 dummy scans 8 scans were recorded for each FID. The spinlock time was 40 ms. For both dimensions a jc/3 shifted squared sine bell was used as window function.
The param eters of the NOESY experim ents correspond to those of the H O H A H A experi ment. exept that the num ber of scans was 16 and the delay of the mixing time 200 ms.
For the reverse 'H -13C-correlation a HMQCexperiment with GARP-decoupling was per formed. The spectral width was 5263 Hz (10.5 ppm) in F2 and 6240 Hz (49 ppm) in F,. 512 ex-periments with 32 scans each were perform ed in tp A jt/2 shifted sine bell was used as window function in both dimensions after zerofilling in t,. The reverse HC-long-range-correlations were de term ined by a not decoupled HM BC-experiment (Bax and Summers, 1986) . The spectral width was 5263 Hz (10.5 ppm) in F2 and 23809 Hz (189 ppm) in Fp 512 experiments with 112 scans each were performed. The delay for the evolution of the long range couplings was 70 ms.
Results and Discussion
Amino acids analysis, mass spectral and NM R data (see Tables I -III (Hohlneicher et al., 1992) . It is the first case that siderophores with identical peptide chains were found in dif ferent Pseudomonas species. This is the more astonishing as sofar about 30 pyoverdins differing in their peptide chains were described (Budzikiewicz, 1993) and for Pseudomonas fluorescens about 10 strains producing different pyoverdins are known. This finding should be kept in mind in view of the current reclassification of the genus Pseudomonas. The complexing constants for the pyoverdin with a succinic acid side chain could be deter mined as 1 .8 x l0 19 at pH 5.0 and as 0 .8 x l0 26 at pH 7 (Anderegg et al., 1963 ). A BDALLAH had reported succinic acid (amide), ketoglutaric acid and malic acid (amide) side chains. To this we can add glutamic acid thus completing the common pattern (Budzikiewicz, 1993) In the culture medium of Pseudom onas chloror aphis A T C C 9446 in addition to the pyoverdins and the ferribactin (Hohlneicher et al., 1992) a new siderophore could be detected which contains the chromophore 3 (Fig. 3) . It can readily be rec ognized after decomplexation with 8-hydroxyquinoline by its intense green fluorescence (pyover dins show a more yellowish fluorescence). The amino acid analysis gave the same results as ob tained for the pyoverdin and the ferribactin (Gly, The presence of the azotobactin chromophore 3 is confirmed by the molecular mass and the NMRdata (see Tables IV -V I ing. Especially notable is the low field shift of the Ser linked to the chromophore in both cases. Due to the small amount available not all N OE cross peaks could be observed (Fig. 6 ). However, most of the peptide bonds showed up in the N OESY spectrum and confirmed the same sequence as de termined for the pyoverdin and the ferribactin. Thus structure 5 can be proposed for the new com pound which will be named azotobactin Pch 9446.
Azotobactins are the typical siderophores of Azotobacter vinelandii (Fukasawa et al., 1972; Demange et al., 1988; Page et al., 1991; Menhart et al., 1991; . The occur rence of an azotobactin in the culture broth of a Pseudomonas species was mentioned only once in the literature but no details were given (Demange et al., 1990) . Ferribactins are most likely the pre cursors of the pyoverdins (Taraz et al., 1991;  ö (ppm), DSS as internal reference using ö (CH 3) = -1.61 ppm to conform with reference data using TMS (0 ppm) for calibration, c: cis, t: trans; a could not be iden tified; b could not be identified unambiguously. et al., 1993) , ring closure yielding the quinoline system. The various dicarboxylic acids bound to the amino group of the chromophore be long to the citric acid cycle (Schäfer et al., 1991) . At which point the formation of the azotobactin chromophore branches off is unknown. A possi bility would be a process corresponding to the oxi dative decarboxylation of a-ketoglutaric acid giving succinic acid starting from a cyclic form so that the C 0 2 remains in the molecule.
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